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SPECIAL NOTES 


1. API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE, 
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED. 


2. APIIS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANU- 
FACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP 
THEIR EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND 
SAFETY RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS 
UNDER LOCAL, STATE, OR FEDERAL LAWS. 


3. INFORMATION CONCERNING SAFETY AND HEALTH RISKS AND PROPER 
PRECAUTIONS WITH RESPECT TO PARTICULAR MATERIALS AND CONDI- 
TIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE MANUFACTURER 
OR SUPPLIER OF THAT MATERIAL, OR THE MATERIAL SAFETY DATA SHEET. 


4, NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS 
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU- 
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT COV- 
ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN 
THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABIL- 
ITY FOR INFRINGEMENT OF LETTERS PATENT. 


5. GENERALLY, API STANDARDS ARE REVIEWED AND REVISED, REAF- 
FIRMED, OR WITHDRAWN AT LEAST EVERY FIVE YEARS. SOMETIMES A ONE- 
TIME EXTENSION OF UP TO TWO YEARS WILL BE ADDED TO THIS REVIEW 
CYCLE. THIS PUBLICATION WILL NO LONGER BE IN EFFECT FIVE YEARS AF- 
TER ITS PUBLICATION DATE AS AN OPERATIVE API STANDARD OR, WHERE 
AN EXTENSION HAS BEEN GRANTED, UPON REPUBLICATION. STATUS OF THE 
PUBLICATION CAN BE ASCERTAINED FROM THE API AUTHORING DEPART- 
MENT [TELEPHONE (202) 682-8000]. A CATALOG OF API PUBLICATIONS AND 
MATERIALS IS PUBLISHED ANNUALLY AND UPDATED QUARTERLY BY API, 
1220 L STREET, N.W., WASHINGTON, D.C. 20005. 
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FOREWORD 


Throughout the history of marine custody transfers of petroleum cargos, little serious at- 
tention has been paid to determining the amount of material in shore or vessel lines before 
and after the transfers. As more-accurate equipment and methods of measurement were de- 
veloped, the need to determine line fill with more accuracy became apparent. By establish- 
ing recommended procedures, this guideline should improve line fill determination 
activities and assist in making resuits reproducible at loading and discharge ports. The result 
should be improved accuracy of custody transfer volumes. 

API publications may be used by anyone desiring to do so. Every effort has been made 
by the Institute to assure the accuracy and reliability of the data contained in them; however, 
the Institute makes no representation, warranty, or guarantee in connection with this pub- 
lication and hereby expressly disclaims any liability or responsibility for loss or damage re- 
sulting from its use or for the violation of any federal, state, or municipal regulation with 
which this publication may conflict. 

Suggested revisions are invited and should be submitted to Measurement Coordination, 
American Petroleum Institute, 1220 L Street, N.W., Washington, D.C. 20005. 
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Chapter 17—Marine Measurement 


SECTION 6—GUIDELINES FOR DETERMINING THE FULLNESS OF PIPELINES 
BETWEEN VESSELS AND SHORE TANKS 


17.6.1 


The purpose of this section of Chapter 17 of the API Man- 
ual of Petroleum Measurement Standards (MPMS) is to rec- 
ommend procedures for determining the fill condition of 
pipeline systems used for the transfer of liquid before and after 
the liquid is loaded onto or discharged from marine vessels. 


17.6.2 Scope 


This section of APE MPMS 17 is intended to cover crude 
oil and petroleum products that are liquid at atmospheric 
pressure and ambient temperature. They apply at both load- 
ings and discharges of cargos, before and after transfers. 
They include recommendations on how pipeline fullness 
should be determined. They include descriptions of methods, 
procedures, calculations, and examples. 

While this section of API MPMS 17 is intended to de- 
scribe the methods and procedures available for determining 
the fill condition of pipeline systems, the procedures de- 
scribed do not necessarily determine the precise volume of 
liquids in the designated pipeline systems. 

This section of API MPMS 17 is not meant to recommend 
equipment or to describe equipment in detail. The guideline is 
only intended to describe the expected end result of using 
properly installed and functioning equipment. While this sec- 
tion of API MPMS 17 includes descriptions of common line 
fill verification methods, it does not recommend any one 
method as preferred. The responsibility for documenting the 
effectiveness of any of the methods described belongs to those 
responsible for the terminal or installation where it is applied. 


Introduction 


17.6.3 Significance and Use 


When custody of petroleum liquids is transferred to or 
from marine vessels, accuracy in the measurement of quan- 
tities transferred is affected by the contents and integrity of 
the shore and vessel pipelines and by shore and vessel tank 
measurements. Pipelines that contain air or vapor, when as- 
sumed to be filled with liquid, require procedures that either 
eliminate or determine the volume of air or vapor contained 
in the pipeline. This can be accomplished by one of the fol- 
lowing means: 


a. Displacing the air or vapor with liquid. 

b. Displacing the entire line contents. 

c. Quantifying the volume of any air or vapor contained in 
the line with the liquid. 
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The following methods, listed alphabetically, are recom- 
mended for line fill determination. Local limitations, product 
characteristics, and specific designs may restrict the best se- 
lection and use of a procedure and may affect the accuracy of 
the procedure selected. 


a. High-point bleed-valve method (or sight-glass method). 
b. Internal circulation method. 

c. Line displacement method. 

d. Line press method (or line pack method) 

e. Pigging method. 


The high-point bleed-valve method (or sight-glass method), 
the internal circulation method, and the line displacement 
method are all intended to fill the designated pipeline system 
with liquid. The pigging method is intended to entirely dis- 
place the contents of the designated pipeline system. The line 
press method (or line pack method) is intended to define the 
fill condition of the designated pipeline system. 

Only the line displacement method requires the presence 
of the vessel. All other methods provide an opportunity for 
any correction required without affecting the vessel’s trans- 
ferred volume. 

All the procedures described and recommended in this pub- 
lication shall be performed in accordance with the following: 


a. The safety requirements specified in the following: 
i. The International Safety Guide for Oil Tankers and 
Terminals ISGOTT). 
ii. API Recommended Practice 2003. 
ili. The Inert Flue Gas Safety Guide. 
b. Applicable state and federal regulations. 
c. Other specific requirements made by owners, operators 
and state and federal authorities. 


17.6.4 Safety and Health 
Considerations 


Due consideration should be given to applicable safety 
and health procedures. Considerations should include—but 
are not limited to—potential electrostatic and other fire and 
explosion hazards; considerations regarding potential per- 
sonnel exposure (such as exposure limits, hazard communi- 
cation, training, and associated protective clothing and 
equipment requirements, and work practices); and potential 
explosive and toxic hazards associated with a cargo tank’s 
atmosphere. The physical characteristics of the cargo and ex- 
isting operational conditions should be evaluated, and appli- 
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cable international, federal, state, and local regulations 
should be observed. Safety procedures designated by the em- 
ployer, the vessel operator, and other concerned parties 
should also be observed. The International Safety Guide for 
Oil Tankers and Terminals and appropriate Oil Companies 
International Marine Forum (OCIMF) and API publications 
should be consulted for additional safety information. 


CAUTION: Petroleum vapors and associated substances, m- 
cluding hydrogen sulfide vapors from “sour” crude, also may 
involve potential toxicity. Petroleum vapors with high con- 
centrations of hydrogen sulfide may cause unconsciousness 
or death. During and after the opening of the gauge hatch, 
stand so that vapor inhalation is minimized. 


CAUTION. Harmful vapors or oxygen deficiency cannot be 
detected safely by smell, visual inspection, or judgement. 
Appropriate precautions should be used for protection 
against toxic vapors or oxygen deficiency. Procedures should 
be developed to provide for appropriate exposure monitor- 
ing, personal protective equipment, and emergency rescue 
precautions. When it is necessary, personnel should have 
suitable respiratory protection before entering the gauge site 
and during the gauging procedure. 


17.6.5 Physical Characteristics and Fire 
Considerations 


WARNING: Personnel who handle petroleum-related sub- 
stances (as well as other chemical materials) should be fa- 
miliar with their physical and chemical characteristics 
—including potential for fire, explosion, and reactivity—and 
with potential toxicity and health hazards and emergency 
procedures. They should comply with individual company 
safe operating practices and local, state, and federal regula- 
tions. Personnel should be alert to avoid potential sources of 
ignition and should keep containers of materials closed when 
not in use. 


17.6.6 Pertinent Publications 
17.6.6.1 REFERENCED PUBLICATIONS 


The most recent editions of the following recommended 
practice, guides, and standards are cited in this section of 
Chapter 17 of the API Manual of Petroleum Measurement 
Standards (MPMS). 


API 
Manual of Petroleum Measurement Standards 
Chapter 3, Tank Gauging; Section 1A, “Stan- 
dard Practice for Manual Gauging of 
Petroleum and Petroleum Products” (in press); 
Section 1B, “Standard Practice for Level Mea- 
surement of Liquid Hydrocarbons in Station- 
ary Tanks by Automatic Tank Gauging” 
Chapter 7, Temperature Determination 


Chapter 17, Marine Measurement; Section |, 
“Guidelines for Marine Cargo Inspection”; 
Section 2, “Measurement of Cargos On Board 
Tank Vessels” 

RP 2003 Protection Against Ignitions Arising Out of 
Static, Lightning, and Stray Currents 


OCIMPF' 
International Safety Guide for Oil Tankers and Terminals 
(ISGOTT) 
Inert Flue Gas Safety Guide 


17.6.6.2. OTHER PERTINENT PUBLICATIONS 


The following publications may be consulted for more 
information. 


API 

Manual of Petroleum Measurement Standards 
Chapter 4, Proving Systems 
Chapter 5, Metering 
Chapter 8, Sampling 

Bull 2509C = Volumetric Shrinkage Resulting from 
Blending Volatile Hydrocarbons with 
Crude Oils 


17.6.7 Glossary 


The following terms are used in this section of API 
MPMS 17 as indicated by the corresponding explanations. 


17.6.7.1 AGREED TOLERANCE 


Before executing any line fill determination procedure, all 
authorized parties should agree on the amount of difference 
in measurement that will be accepted when comparing mea- 
surements taken before the procedure to measurements taken 
after the procedure. This agreement may be in terms of vol- 
ume rather than level measurement. In this section of API 
MPMS 17, the term agreed tolerance refers to this agreed- 
upon span of acceptable difference. 


17.6.7.2. HIGH-POINT BLEED-VALVE METHOD 
(OR SIGHT-GLASS METHOD) 


In this section of API MPMS 17, the term high-point 
bleed-valve method (or sight-glass method) refers to check- 
ing for the presence of liquid at high-point valves or sight 
glasses in the designated pipeline system between the shore 
tank and the vessel berth. 


17.6.7.3 INTERNAL CIRCULATION METHOD 


In this section of API MPMS 17, the term internal circu- 
lation method refers to transferring a measured volume of 
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liquid from one shore tank into the same or another shore 
tank through the pipeline system designated for the transfer 
of cargo to or from a marine vessel. 


17.6.7.4 LINE DISPLACEMENT METHOD 


In this section of API MPMS 17, the term line displace- 
ment method refers to measuring the amount of liquid 
pumped from a shore tank to a vessel (or from a vessel to a 
shore tank) through the pipeline system designated for cargo 
transfer and comparing the measured volume delivered to 
the measured volume received. 


17.6.7.5 LINE PRESS METHOD (OR LINE PACK 
METHOD) 


In this section of API MPMS 17, the term line press 
method (or line pack method) refers to pressurizing the con- 
tents of the designated pipeline system with a liquid to deter- 
mine if gases are present. 


17.6.7.6 PIGGING METHOD 


In this section of API MPMS I7, the term pigging 
method refers to the displacement of the contents of a 
pipeline system by a tight-fitting wiping device propelled 
through the line by gas or liquid, leaving the line full of the 
propellant. 


17.6.8 Terminal Requirements 


17.6.8.1 Nothing in this section of API MPMS 17 should 
be construed as overriding safe operating procedures or ap- 
plicable environmental regulations. 


17.6.8.2 Terminal personnel should designate a tank, a 
pipeline system (including meters, if used), and the method 
that will allow the most accurate determination of the quan- 
tity received or delivered. If automatic tank gauges will be 
used, terminal personnel should provide evidence that they 
are custody-transfer qualified in accordance with the provi- 
sions of API MPMS 3.1B. 


17.6.8.3 The selected line fill verification procedure 
should be performed immediately before and/or after cus- 
tody transfer. 


17.6.8.4 Empty shore tanks should not be designated to 
receive line displacement or internal circulation volumes. 


17.6.8.5 A floating roof should not be in the critical zone. 


17.6.8.6 If the high-point bleed-valve method (or sight- 
glass method} is selected to determine if a designated 
pipeline system is full, the valve or sight-glass locations des- 
ignated for this purpose should be identified. 


17.6.8.7 If either the line displacement method or the in- 
ternal circulation method is used, records of previous results 
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indicating the effectiveness of these methods should be 
available. 


17.6.8.8 Data showing the results of the method selected 
should be available. 


17.6.9 Vessel Requirements 


17.6.9.1 The capacity of the vessel’s lines designated for 
the line displacement operation should be available for ref- 
erence. Vessel personnel should also indicate whether the 
designated lines are full or empty. 


17.6.9.2 The condition of the vessel’s lines will have a di- 
rect effect on the accuracy of the line displacement between 
vessel and shore. Vessel personnel should provide every assis- 
tance to accurately determine the fullness condition of its lines. 


17.6.10 Procedures 
17.6.10.1 GENERAL PROCEDURES 


17.6.10.1.1 Before loading or discharging marine cargos, 
the following information should be obtained, recorded, and 
agreed upon to ensure that procedures to determine the full- 
ness condition are as thorough as possible: 


a. The capacity of the designated pipelines. 

b. The stated condition of the designated pipelines (full, 
slack, or empty). 

c. The time of last cargo movement through the designated 
pipeline(s). 

d. The last (or current) product in the designated pipeline(s). 
e. The temperature of cargo to be loaded or discharged. 

f. The sources of all the above information. 


17.6.10.1.2 Agree on the method of pipeline fullness ver- 
ification to be used and on the extent—if any—of corrective 
actions that may be required. 


17.6.10.1.3 If automatic equipment is used to record 
measurements, it must meet the precision requirements de- 
scribed in API MPMS 3.1A and API MPMS 7. 


17.6.10.1.4 Review measurement accuracy limits out- 
lined in API MPMS 3.1A, and agree on the tolerance to be 
met for the method selected (see 17.6.11). 


17.6.10.1.5 The procedures described in API MPMS 
3,1A and API MPMS 17.2 for selecting, calibrating, and us- 
ing measurement equipment should be strictly followed. 


17.6.10.2 PROCEDURE FOR INTERNAL 
CIRCULATION METHOD 


17.6.10.2.1 Terminal personnel should circulate product 
through the designated pipeline system after the system has 
been isolated. Circulation should pass through the designated 
dock manifold and be performed immediately before and af- 
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ter custody transfer. If circulation cannot pass through the 
designated dock manifold, then an evaluation should be 
made of the validity and accuracy of using this method. 


17.6.10.2.2 To apply the internal circulation method, per- 
form the following steps consecutively. 


Step 1 Gauge the delivering and receiving tanks before line 
circulation. Measurements should be taken using reliable auto- 
matic gauging equipment or manual measurement equipment. 


Step 2 Circulate sufficient product to displace at least 120 
percent of the capacity of the designated pipeline system. 
Close tank valves and re-gauge tank(s) using the same 
method as that used for opening gauges. 


Step 3 Using the tank calibration table, convert the mea- 
surements taken before and after internal circulation to vol- 
umes. Total Observed Volume (TOV) should be used to 
quantify volumes transferred. (See API MPMS 17.1 for a 
definition of TOV.) 


Step 4 Compare measured volume delivered to measured 
volume received to determine whether their difference ex- 
ceeds the agreed tolerance. If the difference exceeds agreed. 
tolerance, repeat line circulation and the measurements. If 
the excessive difference persists, the integrity of the system 
should be investigated. 


Step 5 For purposes of line fill determination, the desig- 
nated pipeline system may be considered full if the differ- 
ence between measured volume delivered and measured 
volume received is within the agreed tolerance. 


Note: This does not necessarily ensure that voids do not exist in the line 


17.6.10.3 PROCEDURES FOR LINE 
DISPLACEMENT METHOD 


17.6.10.3.1. The vessel should be on an even keel with no 
list. Otherwise, a trim or list correction should be applied and 
noted on the report. If a wedge calculation is necessary, refer 
to API MPMS 17.1. 


Note: Even-kee] measurements are preferred because of the precision lim- 
itations involved in trim, list, and wedge calculations. 


17.6.10.3.2 The vessel quantity survey should be con- 
ducted prior to line displacement. 


17.6.10.3.3 The number of vessel tanks used for line dis- 
placement should be minimized, and their location should be 
selected to minimize changes in trim or list. 


17.6.10.3.4 Deck lines, risers, bottom lines, and drop 
lines should be in the same fill condition both before and af- 
ter line displacement between vessel and shore. 


17.6.10.3.5 Agree on the quantity to be displaced. TOV 
of product displaced should be at least 120 percent of the 
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combined capacity of all designated vessel and shore transfer 
lines. (See API MPMS 17.1 for a definition of TOV.) 


17.6.10.3.6 Agree on the cargo flow rate. 


17.6.10.3.7 Line fill differences should not be addressed 
independently of the overall voyage analysis of the entire 
cargo transfer. 


17.6.10.3.8 To apply the line displacement method, per- 
form the following steps consecutively. 


Step 1 Gauge and measure the temperature of delivering 
and receiving tanks before line displacement. Measurements 
may be taken using either automatic measurement equip- 
ment or manual measurement equipment. 


Step 2 Transfer the volume required for displacement be- 
tween vessel and shore. Re-gauge the vessel and shore tanks 
using the same types of equipment and technique that were 
used for the opening measurements. 


Step 3 Using shore and vessel tank calibration tables, con- 
vert the measurements taken before and after line displace- 
ment to volumes. TOV should be used to quantify volumes 
transferred. (See API MPMS 17.1 for a definition of TOV.) 


Step 4 Compare measured volumes of delivering and re- 
ceiving tank(s) to determine whether their ditference exceeds 
the agreed tolerance. If vessel and shore volumes differ by 
more than the agreed tolerance, any or all of the following 
options may be exercised until all parties agree that line full- 
ness has been determined to their satisfaction: 


a. Check all caiculations for accuracy. 

b. Re-gauge shore tank (or verify its meter reading) and re- 
gauge designated vessel tank(s). 

c. Re-gauge all vessel tanks and reconfirm vessel line 
condition. 

d. Repeat the line displacement procedure. 

e. Proceed with cargo transfer and determine after transfer 
whether the line fill difference has had any unacceptable effect 
on the cargo transfer volume. The initial line displacement 
volume will normally be part of the cargo transfer and must 
therefore be accounted for in the total transferred quantity. 


Step 5 For purposes of line fill determination, the desig- 
nated pipeline system may be considered full if the differ- 
ence between measured volume delivered and measured 
volume received is within the agreed tolerance. 


Note: This does not necessarily ensure that voids do not exist in the line 


17.6.10.4 PROCEDURES FOR HIGH-POINT 
BLEED-VALVE METHOD (OR 
SIGHT-GLASS METHOD) 


17.6.10.4.1. High-point bleed valves should be installed 
for the purpose of line fill verification only. Other valves 
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on a pipeline should not be used for this purpose. High- 
point valves or sight glasses should be located beginning at 
a point near the vessel and at those points along the 
pipeline where the line’s elevation is the highest, such as 
road crossings or other elevated sections. High-point valves 
should be tapped into the pipe at the highest point on the 
pipe’s circumference; otherwise this procedure should not 
be used. 


Note 1: This method may not be applicable to pipeline systems with exten- 
sive horizontal sections since gases may remain in these sections. 


Note 2: Should the high-point bleed-valve method be selected, valves des- 
ignated for this operation should be identified 


Note 3: Product flowing through a pipeline system while valves are being 
bled may cause existing air pockets to move past the bleed point. 


17.6.10.4.2 Sight-glass connections should be at the top 
and bottom of the pipeline circumference and should permit 
convenient visual observation. If sight-glass systems do not 
enable bleeding to evacuate gases seen in the sight glass, one 
of the alternate verification methods should be selected. 


17.6.10.4.3 All appropriate valves between the desig- 
nated shore tank and the vessel berth should be open and un- 
der sufficient positive pressure to permit the line to be filled 
with liquid. 


17.6.10.4.4 Appropriate action should be taken to ensure 
that any venting of vapors or release of liquids during bleed- 
ing operations is safely controlled and contained in accor- 
dance with applicable regulations. 


17.6.10.4.5 The operation of high-point valves or sight 
glasses should be performed by terminal personnel and 
should be witnessed by authorized parties interested in cus- 
tody-transfer measurements. 


17.6.10.4.6 To apply the high-point bleed-valve method 
(or the sight-glass method), perform the following steps con- 
secutively. 


Step 1 Before opening high-point bleed valves, ensure 
that lines are under positive pressure at bleed positions. 


Step 2 Place an appropriate container under each valve 
opening to receive liquid. 

Step 3 Slowly open the valve and allow it to remain open 
until liquid appears in a steady stream. 


Note: Allow adequate ume between the bleedings of any two valves for gas 
to collect at the bleed points. 


Step 4 Close the valve and proceed to the next bleed 
valve. 


Step 5 Bleed each valve in the same manner until all 
valves are bled. 
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17.6.10.5 PROCEDURES FOR PIGGING 
METHOD 


17.6.10.5.1 The pigging method is an acceptable method 
only when the terminal is fitted with the launching and re- 
trieving systems designed for this purpose. 


17.6.10.5.2 In the pigging method, a tight-fitting wiping 
device (or “pig’”’) is placed in a launching system and then 
pushed through the designated pipeline system with liquid, 
gas, or air. The original contents of the pipeline system arc 
therefore completely displaced by the air, gas, or liquid used 
to propel the pig through the line. 


17.6.10.5.3 All pigs should be accounted for after use. 
The operation should be repeated when pigs are lost or dam- 
aged in pipelines. 


17.6.10.5.4 The pigging method may be executed before, 
after, or both before and after a cargo transfer. If the pigging 
method is executed only before a transfer, the volume of the 
pipeline must be added to the cargo transfer volume. 


17.6.10.6 PROCEDURE FOR LINE PRESS 
METHOD (OR LINE PACK METHOD) 


17.6.10.6.1 This procedure assumes that the designated 
pipeline system is tight and able to withstand pressures ap- 
plied during line press operations without loss of line pres- 
sure as determined by pressure readings from a calibrated 
pressure gauge. This procedure is invalid with any pipeline 
system that does not meet this tightness recommendation. 


17.6.10.6.2 To apply the line press method (or the line 
pack method), perform the following steps consecutively. 


Step 1 Close the valve at the dock manifold. Open the 
shore tank and pump valves, and gauge the tank before line 
press. Measurements may be taken using either reliable au- 
tomatic gauging equipment or manual measurement equip- 
ment. 


Step 2 Start the pump and run it until the discharge pres- 
sure stabilizes and/or reaches a predetermined pressure. The 
predetermined pressure should be higher than the maximum 
static pressure available on the system. 


Step 3 __ Isolate the pipeline to prevent backflow and stop 
the pump. 


Step 4 Once the pump has been shut down, record the 
pressure and re-gauge the tank using the same gauging 
method as that used for the opening measurements. Record 
the tank product level. 
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Step 5 If the tank product levels before and after the line 
press are within 1/s inch (3 millimeters) of one another, 
pipelines may be considered liquid-full and no correction is 
necessary. 


Step 6 If the tank liquid levels before and after the line 
press differ from one another by more than !/s inch (3 mil- 
limeters), relieve the line pressure into the tank until the 
pressure at the highest elevation is slightly above product va- 
por pressure and then repeat the test. If the tank product lev- 
els before and after the second line press differ from one 
another by less than '/3 inch (3 millimeters), pipelines are 
now full of liquid because condensibie vapors have been 
reliquified and no further correction is necessary. 


Step 7 If the tank liquid levels before and after the sec- 
ond line press differ from one another by more than !/s inch 
(3 millimeters), either the line fill condition may be cor- 
rected by one of the alternate methods listed under 17.6.3 
or—with the agreement of all parties—gas volumes may be 
estimated by procedures and calculations outlined in the 
Appendix. 


Step 8 For purposes of line fill verification, the desig- 
nated pipeline system may be considered full if the differ- 
ence between the volume gauged before line press and the 
volume gauged after line press is within measurement preci- 
sion. 


Note: This does not ensure that voids equal to compressed gas volumes less 
than measurement precision do not exist in the line. 
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17.6.10.7. LINE VERIFICATION AFTER CARGO 
TRANSFER 


After cargo has been transferred, the fullness condition of 
shore pipelines should be determined by the application of 
any method outlined in 17.6.3 other than the line displace- 
ment method. 


17.6.11 


The three methods that require calculation of the line fill 
condition are (a) the line displacement method, (b) the inter- 
nal circulation method, and (c) the line press method (or line 
pack method). 

With each of the three methods, two measurements of the 
contents of each tank used are taken: one measurement is 
taken before liquid is pumped through or pressured in the 
designated pipeline system, and one is taken after. 


Establishing Agreed Tolerances 


Note: The precision of the measurement for each tank—regardless of 
whether it’s a vessel tank or a shore tank—is 7s inch (3 millimeters) (see 
API MPMS 3.1A and API MPMS 17.2) 


To agree on tolerances applicable to comparing volumes 
between opening and closing procedures, both the measure- 
ment precision limits above and the historical vessel-to- 
shore line displacement, internal circulation, or line press 
experiences should be considered. The factors listed under 
General Procedures (17.6.10.1) should be considered as pos- 
sible influences on measurement tolerances. Special situa- 
tions such as those involving temperature variations between 
line contents and tanks, the effect of volumetric shrinkage, 
and product quality differences should also be considered. 
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APPENDIX—LINE PRESS (OR LINE PACK) COMPUTATION 


A.1 General 


A.1.1. With the agreement of ali parties, the following procedures may be used when a 
second line press, as outlined in 17.6.10.6, has resulted in a change in tank liquid level of 
more than '/s inch (3 millimeters). The purpose of the calculation is to estimate the addi- 
tional liquid volume equivalent to those trapped gases that might not have been condensed 
or reliquified during the first of the two line press procedures. 


A.1.2 Calculating the volume of gas coexisting with liquid after a line press yields an es- 
timate of the gas volume when methods that would displace or remove trapped gases are 
undesirable or impractical. The calculation is based on accepted physical ideal gas laws and 
is subject to certain assumptions and limitations, which are listed in A.2. 


A.2. Assumptions and Limitations 


A.2.1 This procedure assumes that the designated pipeline system is tight and able to 
withstand pressures applied during line press operations without loss of line pressure as de- 
termined by readings from a calibrated pressure instrument. This procedure is invalid with 
any pipeline system that does not meet this tightness requirement. 


A.2.2 Calculations in this procedure assume that the pressures observed and used are rep- 
resentative of pressures occurring within a gas bubble inside a partially filled pipeline. 
Therefore, accuracy will be affected by liquid hydrostatic head pressure (if any) between 
the high point on the pipeline and the point of pressure readings. If pipeline elevation varies 
by a significant amount, then either the pressure instrument should be installed at the high- 
est possible elevation point on the designated pipeline system or a hydrostatic head pressure 
correction should be applied. 


Note: If the pressure gauge location ts lower than the highest point on the pipeline system, a correction for hydrostatic 
head should be added to the required vapor pressure. The calculation for this correction is as follows in English units: 


P, = 0.4336 p (1) 


And in metric units. 


P, = 0.09796 p 
Where: 
6= difference mn elevation between pressure gauge and highest point of pipeline, in feet (meters). 


P;, = hydrostatic head, in pounds per square inch (bars). 
p= relative density at ambient temperature. 


A.2.3 The effects of heat of compression on the gas bubble(s) remaining after the line 
press need not be considered because of the impracticality of determining the temperature 
of trapped gases and the relative complexity of calculation. These effects are minimized by 
the low mass (weight) of air relative to that of the liquid (in the range from 50:1 to 200:1), 
the rapid air-to-steel heat transfer, and the fact that a single compression stroke is per- 
formed. The effect is further minimized if sufficient time is allowed after compression or 
until pressure stabilizes to permit heat equalization with the pipe walls. Several minutes (or 
possibly longer in large diameter pipes) should be sufficient time. 
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A.3 Calculations 


The volume of the gas coexisting with liquid in a designated pipeline system may be calcu- 
lated using data collected during line press operations as indicated in the following equations: 


TOV. = TOV. 5 — Vip (2) 
Where: 
TOV, = shore tank total observed volume after second line press. 


TOV, = shore tank total observed volume corrected for gas in liquid line. 
V,p = line gas volume after second line press. 


TOV, — TOV, 
a a (3) 
ae 
B 


Where: 


TOV), = shore tank total observed volume before second line press. 
P, = pressure of line contents before second line press, in pounds per square inch ab- 
solute (bars absolute). 
P, =pressure of line contents after second line press, in pounds per square inch ab- 
solute (bars absolute). 


Note: To calculate P; or Pz in pounds per square inch absolute, add 14.7 pounds per square inch to the pressure 
of the line contents before or after the second line press in pounds per square inch gauge. 


A.4 An Example 


The following example uses Equations 2 and 3 to calculate the shore tank total observed 
volume corrected for gas in liquid line: 


P = iSpsig + 14.7 = 29.7 psia 
P, = 102 psig + 14.7 = 116.7 psia 
TOV, g = 49,179 bbl 
TOV, = 49,109 bbl 
TOV, , — TOV,, = difference after second line press 
= 70.0 bbl 


70 


“up = (Bez) -1 
29.7 


TOV, = 49,109 — 23.9 bbl 
= 49, 085.1 bbl 


= 23.9 bbl 
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